Inverse dynamic analysis using musculoskeletal modeling is a powerful tool, 2 which is utilized in a range of applications to estimate forces in ligaments, mus-3 cles, and joints, non-invasively. To date, the conventional input used in this 4 analysis is derived from optical motion capture (OMC) and force plate (FP) 5 systems, which restrict the application of musculoskeletal models to gait labo-6 ratories. To address this problem, we propose the use of inertial motion cap- 
Introduction

22
Assessment of muscle, joint, and ligament forces is important to understand 23 the mechanical and physiological mechanisms of human movement. To date, 24 the measurement of such in-vivo forces is a challenging task. For this reason, 25 computer-based musculoskeletal models have been widely used to estimate the 26 variables of interest non-invasively [1, 2] .
27
The most common approach used in musculoskeletal modeling is the method 
81
The aim of this study was to develop a workflow to perform musculoskeletal 
Experimental protocol
123
For each participant, the body dimensions were extracted using a conven- contains, for each time frame, the absolute position and orientation of the root 147 pelvis segment, and the joint angles between the segments described in the hier-
148
archy. The generated stick figure model contains 72 degrees-of-freedom (DOF).
149
In order to match the stick figure model with the musculoskeletal model, we are well defined in both models, such as joint centers and segment end points.
153
The VM placement is illustrated in Figure 1 axis was defined as the second entry, was achieved using the following matrix:
where S is the scaling matrix, l s is the ratio between the unscaled and scaled 189 lengths of the segment, m s is the mass ratio of the segment. methods.
229
The above-mentioned comparisons of kinematic and kinetic variables to their 230 respective references were performed using absolute and relative root-mean-231 square-differences (RMSD and rRMSD, respectively)as described by Ren et al.
232
[19]. In addition, for every curve, the magnitude (M ) and phase (P ) differ- 3.2. Predicted kinetics using inertial and optical motion capture
256
The results of the accuracy analysis for GRF&M and JRF&M are presented
257
in Table 2 range of motion are two and three times higher, respectively.
296
Both GRF&M and JRF&M of the vertical axis presented higher correlations 297 and lower RMSDs than the ones in the anteroposterior and mediolateral axes.
298
Similarly, sagittal plane moments were found in most cases to be more accurate This study focused on presenting and evaluating a general workflow for mus-
336
culoskeletal model-based inverse dynamic simulations using ambulatory IMC 337
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A c c e p t e d m a n u s c r i p t Figure 1 
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Virtual marker placement
3
A c c e p t e d m a n u s c r i p t 2. Accuracy analysis per walking speed 2.1. Comfortable walking speed Table 2 : Comfortable walking speed; comparison of lower limb joint angles between musculoskeletal model driven by the inertial (IMC-PGRF) and optical motion capture (OMC-PGRF/OMC-MGRF), using Pearson correlation coefficient (ρ), absolute and relative root-mean-squared-differences (RM SD in degrees and rRM SD in %, respectively). M and P denote the % magnitude and phase differences . A c c e p t e d m a n u s c r i p t Table 3 : Comfortable walking speed; IMC-PGRF-based ground and joint reaction forces (first three quantities) and net moments (second three quantities) versus OMC-MGRF. Pearson correlation coefficient is denoted with ρ. Absolute per body weight (or body weight times height) and relative root-mean-squared-difference are denoted with RM SD (%BW or %BW*BH) and rRM SD (%), respectively. M and P indicate the magnitude and phase differences (%). 30.9 (6.9) -6.7 (32.6) 25.6 (9.9)
Normal Walking
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A c c e p t e d m a n u s c r i p t Table 4 : Comfortable walking speed; OMC-PGRF-based ground and joint reaction forces (first three quantities) and net moments (second three quantities) versus OMC-MGRF. Pearson correlation coefficient is denoted with ρ. Absolute per body weight (or body weight times height) and relative root-mean-squared-difference are denoted with RM SD (%BW or %BW*BH) and rRM SD (%), respectively. M and P indicate the magnitude and phase differences (%). 
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A c c e p t e d m a n u s c r i p t A c c e p t e d m a n u s c r i p t 
Slow walking speed
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Fast walking speed
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A c c e p t e d m a n u s c r i p t Table 10 : Fast walking speed; OMC-PGRF-based ground and joint reaction forces (first three quantities) and net moments (second three quantities) versus OMC-MGRF. Pearson correlation coefficient is denoted with ρ. Absolute per body weight (or body weight times height) and relative root-mean-squared-difference are denoted with RM SD (%BW or %BW*BH) and rRM SD (%), respectively. M and P indicate the magnitude and phase differences (%). 
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